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The effect of a community-based Argentine tango dance program on activity participation among individuals with Parkinson disease 5 There is a need for more comprehensive approaches to manage the complex manifestations of 24 PD and their effects on individuals' participation. 25 
26
One adjunct to medical treatment that is beneficial for PD patients is exercise. Exercise has been 27 found to improve physical function, mobility, cognition, and health-related quality of life among 28 individuals with PD [19] [20] [21] . Unfortunately, more than half of all American seniors do not engage in 29 the recommended amount of exercise, and those with PD engage in 15% less exercise than their 30 healthy peers 22 . Because of this, the identification of alternative forms of exercise that are at 31 least as effective as traditional exercise programs but foster better adherence are needed. 32 Individuals with PD report that social support and social interaction positively influence their 33 exercise adherence, with one of the most salient motivators being spousal participation 23, 24 . 34
Dance is a form of partnered exercise that provides social engagement and, importantly, has been 35 found to have a higher adherence rate than other forms of exercise among individuals with PD 25 . 36
At the end of a study comparing traditional exercise to dance 26 , nearly half of the participants in 37 the dance group chose to continue to participate in the dance classes while no participants from 38 the traditional exercise class continued their form of exercise. Instead, some of the participants 39 from the traditional exercise group chose to attend the dance classes after the study was 40 complete. 41 
42
In addition to promoting better adherence, dance may improve upon the beneficial physical 43 effects of traditional exercise. In the study described above 25 , the dance group showed 44 significant improvements in balance, whereas the traditional exercise group did not. Argentine 45 tango was found to be a particularly effective form of dance, resulting in larger improvements in 46 6 balance, mobility, movement initiation, and attention to movement control compared to other 47 forms of dance (waltz and foxtrot) 27 . The positive effects of Argentine tango on physical 48 function (e.g., motor dysfunction severity, balance, gait) and progression of motor symptoms 49
were recently confirmed in a randomized controlled trial of a long-term community-based tango 50 dancing program 28 . 51
52
The benefits of tango dancing may extend beyond physical improvements to stimulate broader 53 participation in life activities and roles for those with PD 29 . For example, partnered exercise 54 programs can facilitate the development of social support networks, thereby increasing 55 opportunities for social participation outside of the formal program 23 . Interventions for 56 improving participation among individuals with PD have previously been unexplored. The 57 purpose of this study was to determine whether the community-based tango dance program that 58 reduced disease severity and improved physical function in a group of PD patients 28 affected 59 activity participation. We hypothesized that PD participants who engaged in the dance program 60 would report increased activity participation over the course of the study relative to a control 61 group of participants with PD who did not engage in the dance program. with idiopathic PD using published clinical diagnostic criteria 30 , were classified as Hoehn and 72
Yahr stages I-IV 31 , and experienced clear motor benefit from levodopa. Participants had to be 73 able to walk independently for 10 feet with or without an assistive device. Individuals were 74 excluded if they had a history of neurological deficit other than PD, serious medical problem(s), 75 evidence of abnormality other than PD-related changes on brain imaging, or history or evidence 76 of musculoskeletal or psychological problems. This study was approved by the institution's 77
Human Research Protection Office, and all participants provided written informed consent. class. This form of dance involved flexible, improvisational step patterns composed of small step 89 elements, spontaneous multi-directional changes, and rhythmic variation. Individuals with PD 90
were paired with individuals who did not have PD. These dance partners were caregivers (e.g., 91
spouses, family members) who accompanied PD participants to the classes and healthy young 92 8 volunteers recruited from health-related graduate and undergraduate departments at Washington 93 University in St. Louis (volunteers received special training on fall prevention and safety). All 94 individuals, regardless of gender, were asked to dance in both the leader and follower roles to 95 ensure that everyone spent similar amounts of time moving forward and backward. In addition, 96 participants changed partners every ten minutes, a practice commonly used in dance classes to 97 facilitate learning. Control participants were asked to continue the normal life routine that they 98 had engaged in before enrolling in the study. Inventory-II 34, 35 was administered to assess depressive symptoms. Participation, the primary 109 outcome for this analysis, was measured using the Activity Card Sort (ACS) 36 . The ACS is a 110 standardized assessment that measures perceived level of participation in daily life activities as 111 well as changes in participation in relation to certain events (e.g., the onset of disease or 112 disability, beginning a new treatment regimen) or over specified periods of time (e.g., in the past Retention scores could range from 0% to 100%, with higher scores indicating proportionately 135 more activities retained since the onset of PD. The ACS has strong psychometric properties, 136 including good internal consistency (0.61-0.82) 37 , test-retest reliability (0.90) 38 , and concurrent 137 and predictive validity 37 . 138
Statistical Analyses 140 141
Descriptive statistics were calculated for all variables. Group characteristics at baseline were 142 compared using independent samples t-tests, Wilcoxon signed rank tests for ordinal scales (e.g., 143
Hoehn and Yahr stage), and Chi-squared tests for categorical data (e.g., gender). Longitudinal 144 analyses were conducted using mixed-model 2x4 analyses of variance with group (Tango, 145
Control) as the between-subjects factor and time (baseline, 3, 6, and 12 months) as the within-146 subjects factor. Planned pairwise comparisons were used to characterize change over time within 147 each group. An intent-to-treat analysis was employed including all participants who completed 148 the baseline and 3-month evaluation and carrying forward last recorded data for those who 149 randomized to treatment group and completed the baseline evaluation. Fifty-two participants (26 158 Control, 26 Tango) completed the 3-month evaluation and were included in the current analysis 159 (Figure 1 ). Sample characteristics are presented in Table 1 . There were no differences between 160 The only activity domain for which participation did not increase in the Tango group relative to 228 the Control group was High-demand Leisure. Tango participants were required to attend the 229 dance classes and, as such, were engaging in a high-demand leisure activity that was not 230 captured by our outcome measure (because this item was removed); however, they did not report 231 participating in additional exercise activities outside of the dance classes. There are a number of 232 potential reasons for this, including lack of opportunities or access to exercise or being satisfied 233 with the level of exercise offered by the dance classes. Regardless, by engaging in more 234 instrumental, low-demand leisure and social activities, participants in the Tango group did boost 235 their overall level of physical activity, which simply requires bodily movement that increases 236 energy expenditure above the basal level and can include occupational, household, 237 transportation, and leisure activities 39 . 238
239
Of the separate activity domains, Low-demand Leisure showed the most consistent 240 improvements, with Tango participants engaging in more of these types of activities by the end 241 of the study than they had before the onset of PD. This outcome is significant, as participation in 242 low-demand leisure activities has been associated with improved mental health in older adults 14 . 243
It is important to note that while the activities in this domain are not as physically demanding as 244 those in the High-demand Leisure domain, many place significant demand on mobility (e.g., 245
going to the museum, recreational shopping) or other functions affected by PD such as cognition 246 and fine motor coordination (e.g., games, puzzles, needlecrafts). Some also involve social 247 interaction. Thus, rather than representing the adoption of a more sedentary lifestyle, increased 248 low-demand leisure participation may reflect a higher level of daily challenge and engagement 249 for individuals with PD. 250
There are a number of ways in which Argentine tango could positively influence activity 252 participation in PD. As a form of physical exercise, it benefits PD-related mobility impairments 253 and may even slow disease progression (for a discussion of these effects, refer to 28 ), which could 254 result in improved capacity for daily performance and participation. Importantly, progressive 255 tango classes have features that may additively benefit participation compared to traditional 256 exercise. For example, tango requires working memory, control of attention and multitasking to 257 integrate newly learned and previously learned dance elements, stay in rhythm with the music, 258 and maneuver around others on the dance floor. Leading requires self-initiated movements and 259 motor planning while following requires reading and responding appropriately to the leader's 260 body cues 25 . These cognitive challenges may further improve capacity for daily performance 261 and result in increases in, or maintenance of, participation. 262
263
The social interaction, social support and social influences that emerged from the tango classes 264 likely also had positive effects on participation. The group setting provided an opportunity for 265 social modeling, the establishment and reinforcement of social norms regarding health-266 promoting behavior, and the development of social networks 40 . In fact, participants in the Tango 267 group reported engaging in social activities together outside of class, including attending a play, 268 the symphony, and a social dance. On an individual level, the presence of a partner may have 269 helped those with PD to feel more comfortable challenging themselves in the complexity and 270 difficulty of movements 27 , thereby providing the opportunity for mastery experiences, a primary 271 source of self-efficacy 41 . Improvements in self-efficacy that occurred during the tango classes 272 could have translated to daily life, cultivating the desire to go out and engage in more or new 273 activities, re-try activities that had been given up, or devote the necessary effort and persistence 274 required to maintain one's current level of activity. 275
276

Study Limitations 277 278
There was no control for attention and social interaction across groups, so it is possible that the 279 changes in participation observed in the Tango group were due to non-specific effects of 280 socializing. However, studies in older adults have shown that exercise outcomes are more 281 strongly predicted by the social cognitive factors associated with exercise, such as improved self-282 efficacy, rather than by social interaction alone 42 . Thus, we propose that the improvements in 283 participation in the Tango group are larger than what would occur from socialization alone. 284
Future studies should incorporate a social control group and measure social cognitive factors to 285 provide stronger support for this conclusion. 286 287 Our attrition rate was relatively high compared to previous exercise studies in PD 43, 44 . Attrition 288 may have been a function of the research study rather than of the intervention itself. Participation 289 in the study required four off all antiparkinsonian medication evaluations at a separate location 290 from the dance class. This feature likely added a level of burden or discomfort that would not be 291 present in a community-based dance program alone. Importantly, the Tango participants who 292 completed the entire study were actively engaged in the intervention as evidenced by an average 293 of nearly 80% attendance to all classes. This adherence rate is good compared to other 12-month 294 exercise trials in older adults e.g., 45 . Furthermore, most of these participants (13/16) chose to 295 continue attending the dance classes after the study was over. Thus, dance appears to be an 296 enjoyable and highly motivating form of physical activity for some people with PD. Formalized 297 follow up, perhaps using the ACS with the "dancing" item re-incorporated, would provide 298 support for this notion and help to determine longer term effects of the intervention. Consistent 299 with the notion that a one-size-fits-all approach to promoting exercise will not be efficacious, but 300
instead, that exercise recommendations should be tailored to individuals' needs, desires and 301 barriers 46 , these findings suggests the need for continued identification of alternative, effective 302 forms of exercise for the diverse population of individuals with PD. In summary, we found that engagement in a community-based Argentine tango dance class is 318 associated with increased activity participation among individuals with PD. To our knowledge, 319 18 this is the first study to test the effect of any intervention on activity participation in this 320 population. Rehabilitation research in PD primarily focuses on motor impairment and physical 321 disability, measuring outcomes at the level of functional mobility and self-care ADL. Given its 322 importance for health and well-being 14, 16, 47 , optimal participation in all the activities and roles 323 of daily life should be the ultimate goal of rehabilitation for PD and should be a primary outcome 324 in intervention studies. Our findings suggest that dance, a socially-engaging form of exercise, 325 should be included in the clinical management of PD. Future work should examine longer term 326 effects of the intervention and investigate the potential biological and psychosocial mechanisms 327 underlying the benefits of dance for individuals with PD. 328 Figure 1. CONSORT flow diagram illustrating participant recruitment, randomization, and attrition. All participants retained through 3 months were included in the final analyzed sample; last observations from those who dropped out after 3 months were carried forward for intent-totreat analysis. 
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